Background: With increasing treatment options for hepatitis C, evidence of comparative effectiveness of these treatment options is required to improve treatment outcomes. The purpose of this study was to evaluate the most recent comparative effectiveness research and suggest future directions for hepatitis C research. Methods: We identified and evaluated the literature on comparative effectiveness research and conducted a literature search for additional studies since the most current review. A review of ongoing clinical trials in hepatitis C was performed to assess how forthcoming research is addressing the research gaps and limitations. Results: Since a comprehensive comparative effectiveness research review by Chou et al new studies have been published, which were mostly consistent with the consensus in the literature. A few of them added to comparative effectiveness research knowledge by addressing issues of the likelihood of sustained virologic response in an older cohort, the effect of genomics and individualizing treatment duration, or the effect of delayed treatment. Research gaps and limitations of the existing comparative effectiveness research and future study needs were well identified in the second study from Chou et al. Some of the gaps and limitations were filled by additional research over the past year, though many of them still remained unanswered.
Background
Hepatitis C virus (HCV) infection is among the most frequent of liver diseases. Infection is estimated in 4.4 million individuals in the US and Canada and 184 million worldwide. 1 It is the most common cause of cirrhosis and primary liver cancer in the world, 2 and results in over 15,000 US deaths per year. 3 Within HCV, multiple genotypes exist. Genotype 1 is the most common in the US, comprising 74% of cases, and is also the most difficult to treat. 4 The goal of HCV therapy is to achieve sustained virologic response (SVR), defined as the inability to detect HCV ribonucleic acid (RNA) 6 months after treatment. Patients who achieve SVR show decreased rates of mortality, liver cancer, and need for transplant. 5 To attain SVR, treatment employs the use of antiviral combinations,
Methods
There has been one comprehensive review on the comparative effectiveness research for HCV by Chou et al published in 2013. 13 Our study identified the most recent publication on the effectiveness of HCV therapies beyond this study, and also provided a careful review of the study. 13 Additionally, the search for ongoing clinical trials for HCV treatment was performed.
The search strategy for this review was consistent with Chou et al, 13 and details are summarized in Table S1 . Studies for HCV treatments were identified in National Center for Biotechnology Information (NCBI) Ovid Medline, The Cochrane Library, Scopus (includes EMBASE records from 1996 to present), PsycINFO, and clinical trial registries during the period of September 2012 to August 2013. These inclusion/exclusion criteria were used: 1) English-language articles and conference abstracts were included; 2) studies with pregnant women, patients who received a transplant, HIV-infected patients, patients undergoing hemodialysis, and previously treated patients were excluded; and 3) studies utilizing regimens with antiviral drugs not approved by the FDA for HCV infection were excluded. 1 The flow chart of the literature search is shown in Figure 1 . We initially identified 249, ten, 619, 22, and two studies from NCBI Medline, The Cochrane Library, Scopus, PsycINFO, and clinical trial registries, respectively. After a manual review, 118 duplicates and 650 studies irrelevant to our objectives were excluded, and 134 studies remained for further screening. Applying the inclusion and exclusion criteria, a total of 19 studies (four randomized control trials [RCTs], [14] [15] [16] [17] ten meta-analysis studies, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] three nonrandomized intervention studies, [28] [29] [30] one cross-sectional study, 31 and one cohort study 32 ) were included for the updated studies for this review (Table 1) . Additionally, eight RCTs were also included in this review that were published during the study period of Chou et al 13 and met the inclusion/exclusion criteria, but were not reviewed by them.
Another study by Chou et al discussed research gaps and limitations and future research needs. 33 This review adds to the work of Chou et al 13 by updating the list of clinical trials that may address HCV research limitations. Ongoing comparative studies regarding HCV were searched by one reviewer at ClinicalTrials.gov through August 2013. The search strategy mirrored that of Chou et al 33 and began with all trials listed under the topic "hepatitis C". After limiting the results to Phase III studies in adults $18 years, 244 studies remained. Thirty-eight studies were excluded due to termination, withdrawal, or unknown status; full-text summaries of the remaining 206 studies were reviewed. Study participants were assessed for being treatment naïve, chronic HCV infected, and without coinfections such as human immunodeficiency virus (HIV) or hepatitis B virus (HBV).
Studies with completion dates prior to the literature review in Chou et al 13 (August 2012) were also excluded. Beyond the 46 studies addressed in Chou et al, 13 22 additional ongoing studies were identified ( Figure 2 ).
Every investigator was actively involved in all phases of the study. Two investigators conducted the literature search for the published literatures and ongoing trials, and the remaining investigators were involved in the discussion of the uncertain cases.
Literature on CER for hepatitis C infection
A comprehensive comparative effectiveness research review for hepatitis C was conducted in a recent publication by Chou et al 13 funded by the Agency for Healthcare Research and Quality (AHRQ). It systematically compared effectiveness and safety of antiviral treatments for HCV infection in treatment-naïve adults by answering four key questions: Q1) comparative effectiveness of antiviral treatments on health outcomes; Q2) SVR by patient character-istics; Q3) comparative harms of antiviral treatments by patient characteristics; and Q4) improvements in SVR on reducing adverse health outcomes from HCV infection.
Studies published from 1947 to August 2012 from several literature databases, including Ovid Medline, The Cochrane Library, Embase, Scopus, PsycINFO, and clinical trial registries were included in this study. For key questions Q1 through Q3, it included RCTs of dual therapies (PEG-IFN alfa-2b plus RBV, PEG-IFN alfa-2a plus RBV), triple therapies (PEG-IFN, RBV, and either telaprevir or boceprevir), and different doses or duration of HCV therapies. For key question Q4, it included cohort studies comparing an SVR with no SVR after treatment on clinical outcomes (including mortality, cirrhosis, hepatic decompensation, hepatocellular carcinoma, and need for transplantation) and harms (including withdrawals due to adverse events, serious adverse events, neutropenia, anemia, psychological adverse events, influenza-like symptoms, and rash).
The study 13 identified 90 studies for the systematic review ( Figure 3 ). No study evaluated the comparative effectiveness of antiviral treatments on long-term clinical outcomes (ie, mortality, complications of chronic HCV infection, or quality of life). For dual-therapy regimens, it found that: 1) dual therapy with PEG-IFN alfa-2b plus RBV was slightly less likely to achieve SVR compared to dual therapy with PEG-IFN alfa-2a plus RBV 2) in patients with genotype 2 or 3 infection, dual therapy for 12 to 16 weeks was less likely to achieve SVR than dual therapy for 24 weeks, while there was no difference between 24 weeks and longer duration of therapy; 3) standard doses of PEG-IFN alfa-2b were more effective than lower doses, while no differential effects of RBV dosing were seen in the published RCTs; 4) lower response rates were observed in older patients, minorities (blacks), patients with high viral load, patients with liverrelated complications, or genotype 1-infected patients; and 5) the tolerability did not significantly vary among different dual therapy treatments, while PEG-IFN alfa-2b had a slightly improved safety profile due to its lower risk of serious adverse events. For triple-therapy regimens, it found that: 1) triple-therapy regimens were associated with an increased likelihood of achieving an SVR than dual therapy; 2) triple-therapy regimens had similar effects on achieving an SVR as dual therapy in patient groups with different demographic characteristics; 3) triple therapy was associated with increased risk of adverse events, such as hematological adverse events for boceprevir and anemia and rash for telaprevir; and 4) flu-like symptoms were the most commonly reported adverse events of all antiviral regimens. As for SVR after antiviral therapy and clinical outcomes, they reported that 19 published studies indicated that patients with an SVR after the antiviral therapy had a lower risk of all-cause mortality, liver-related mortality, and other hepatic complications than patients with no SVR; however, more than half of the studies were conducted in Asian countries.
Updated literature and findings (September 2012-August 2013)
A total of 29 publications were identified by the search criteria described earlier and carefully reviewed; they are summarized in this section. The types of studies reviewed include RCTs, nonrandomized intervention studies, observational studies, and meta-analyses studies.
RCTs

Dual therapy
An open-label Phase III noninferiority trial among German adults with acute HCV discovered that symptomatic patients treated with delayed treatment with PEG-IFN alfa-2b plus 
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Comparative effectiveness research for hepatitis C PEG-IFN-α-2b and RBV using response-guided therapy; and boceprevir plus PEG-IFN-α-2b and RBV for 44 weeks. 16 The study found that patients in the boceprevir arms had much higher rates of anemia than those on dual therapy (50% vs 31%, P-value not reported); nevertheless, the SVR rate was higher in patients with anemia than those without anemia (72% vs 58%, P-value not reported).
Studies other than RCTs Dual therapy
Hu et al 28 evaluated the efficacy and safety of weekly PEG-IFN plus RBV among middle-aged adults (50-64 years) compared to the elderly adults ($65 years) with chronic HCV infection in Taiwan. They found that SVR rate was significantly lower in the elderly than in the middle aged (40.7% vs 61.5%, P=0.005) with follow-up for 24 weeks after the completion of treatment. 28 Interestingly, the significant difference only occurred in nongenotype 1 HCV patients. Compared to the middle-aged group, the elderly had a significantly higher rate of anorexia, dyspnea, skin rash, and hematological adverse events, including thrombocytopenia and anemia. Due to the intolerance to adverse events, withdrawal rates in the elderly were higher compared to the middle-aged (13.2% vs 7.7%, P-value not reported). A cross-sectional study compared the safety of HCV treatment with PEG-IFN alfa-2a vs PEG-IFN alfa-2b among 340 individuals at the Reference Center for Special Immunobiologicals of the Hospital Mario Covas, Brazil. 31 Compared to PEG-IFN alfa-2a, PEG-IFN alfa-2b was more likely to be associated with fever (69.6% vs 45.5%, P=0.001) and weight loss (80.1% vs 62.1%, P=0.001). Another retrospective multicenter trial conducted in Korea discovered that PEG-IFN alfa-2a and PEG-IFN alfa-2b had similar effects on SVR and adverse events rate, even after controlling for age, HCV viral load, and hepatic fibrosis. 29 A meta-analysis study, Flori et al, 18 investigated eleven randomized and 15 nonrandomized trials to evaluate the effectiveness of PEG-IFN alfa-2a vs PEG-IFN alfa-2b. 18 This study suggested that PEG-IFN alfa-2a plus RBV was more effective than PEG-IFN alfa-2b plus RBV, especially in genotype 1 or 4 HCV patients. Another meta-analysis study by Minami et al 19 found that PEG-IFN alfa-2a was associated with a higher risk of severe adverse events than PEG-IFN alfa-2b (7.45% vs 6.74%, P-value not reported). 19 Additionally, patients with higher doses of PEG-IFN treatment had a higher risk of severe adverse events than those with lower doses (11.94% vs 6.99% for PEG-IFN alfa-2a; 7.10% vs 5.05% for PEG-IFN alfa-2b, P-value not reported). Patients also had a higher rate of severe adverse events with the extended duration (.48 weeks) than with the standard duration (48 weeks) (15.5% vs 6.67%, P-value not reported). However, another meta-analysis based on seven randomized and nonrandomized clinical trials did not find a statistically significant difference in rapid virological response and SVR between PEG-IFN alfa-2a and PEG-IFN alfa-2b, although it found a positive relationship between PEG-IFN alfa-2a and early complete virological response and sustained virological response. 20 Another meta-analysis compared the treatment duration of PEG-IFN plus RBV and found that extended PEG-IFN plus RBV for 72 weeks was more effective than standard PEG-IFN plus RBV for 48 weeks among patients with HCV genotype 1, while no difference in adverse events was observed for the two treatment strategies. 21 Finally, a pooled analysis based on five RCTs assessed the safety of standard-dose (180 µg/week) vs high-dose (360 µg/week) PEG-IFN alfa-2a plus RBV in HCV genotype 1 or 4 patients. 22 Although it did not find a statistically significant difference in frequencies of severe adverse events (3.2% vs 4.2%, P.0.05) or discontinuation rates (2.8% vs 2.9%, P.0.05), it showed that patients receiving high doses were more likely to experience weight loss compared to those receiving the standard dose (7.7% vs 3.3%, P,0.05).
Triple therapy versus dual therapy
A meta-analysis study, Sitole et al, 23 of Phase II and Phase III placebo-controlled studies, suggested that chronic HCV patients treated with telaprevir or boceprevir + PEG-IFN + RBV were each about three times more likely to achieve SRV than the control group (odds ratio =3.31 or 3.55; P,0.0001). 23 Additionally, telaprevir patients were more likely to incur rash, pruritus, and anemia, while boceprevir patients were more likely to incur anemia and dysgeusia. 23 Another meta-analysis study found that both boceprevir and telaprevir could achieve better SVR (relative risk [RR] =1.91, P,0.05 for boceprevir; RR =1.69, P,0.05 for telaprevir), reduce relapse rate (RR =0.24, P.0.05; RR =0.30, P,0.05), and decrease the discontinuation rate (RR =0.65, P,0.05; RR =0.81, P.0.05) than placebo. 24 This study also found that patients treated with boceprevir were more likely to have anemia (RR =1.63) while those treated with telaprevir were more likely to have rash (RR =1.49, P,0.05) and pruritus (RR =1.41, P,0.05). A meta-analysis by Qin et al 25 discovered that the addition of telaprevir to PEG-IFN plus RBV increased the risk of severe adverse events (RR =1.56, P=0.0007), treatment discontinuation (RR =2.10, P,0.0001), nausea (RR =1.39, P,0.0001), diarrhea (RR =1.32, P=0.004), pruritus (RR =1.56; P=0.0006), rash (RR =1.60, P,0.0001), and anemia (RR =1.55, P=0.007). 25 Comparative Effectiveness Research downloaded from https://www.dovepress.com/ by 54.70.40.11 on 17-Oct-2019 For personal use only. The study by Gu et al 26 showed that telaprevir with PEG-IFN plus RBV significantly lowered the SVR without the higher incidence of severe adverse events or treatment discontinuation among genotype 1 HCV patients. 26 
Triple therapy
Furusyo et al 30 suggested that telaprevir plus PEG-IFN and RBV had similar effects on HCV RNA and SVR in both genotype 1b HCV Japanese patients aged .60 years and aged #60 years. Additionally, in both age groups, patients with IL28B TT allele had a significantly better response than patients with IL28 TG/GG allele according to their SVR rates. 30 
SvR and mortality
An international, multicenter, long-term follow-up study in Europe and Canada investigated the association between SVR and mortality in patients with chronic HCV or advanced hepatic fibrosis. 32 The study found that SVR was associated with a reduced risk of all-cause mortality (hazard ratio =0.26; P,0.001) and a reduced risk of liver-related mortality or transplantation (hazard ratio =0.06; P,0.001). This study also found that patients with SVR were less likely to have hepatocellular carcinoma (5.1% vs 21.8%) and liver failure (2.1% vs 29.9%, P,0.001) than patients without SVR. A meta-analysis on observational studies by Morgan et al 27 further supported the finding that SVR had an effect on reducing hepatocellular carcinoma, with a pooled RR of 0.24. 27 
Quality assessment for included studies
We evaluated the quality of the RCTs using the Cochrane Collaboration's tool, which is commonly used to evaluate RCTs in many systematic reviews and meta-analysis studies. 34 It consists of five components: random sequence generation, concealment of allocation, blinding, attrition, and funding source. The quality assessment results for RCTs are reported in Table 2 . Among 13 RCTs, seven RCTs provided a description about how the allocation sequence was generated randomly, with an illustration of the adequacy of the procedures. 14, 15, [34] [35] [36] [37] [38] All but one RCT discussed the concealment of allocation. 35 Eight RCTs were open-label trials; [14] [15] [16] [17] [36] [37] [38] [39] only one RCT was blinded adequately, 35 and four RCTs were unclear about the blinding. [40] [41] [42] [43] Ten RCTs justified their data sets in terms of discontinuation or drop-off 
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Comparative effectiveness research for hepatitis C rates for each arm, [14] [15] [16] 35, 37, 38, [40] [41] [42] [43] while three RCTs provided inadequate attrition data. 17, 36, 39 As for funding sources, five RCTs were supported fully or partially by pharmaceutical companies, 15, 16, 35, 37, 39 two RCTs were supported by governments or other nonprofit organizations, 14, 42 and six RCTs did not report their funding source. 17, 36, 38, 40, 41, 43 As for non-RCTs, we adopted the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach to access study quality. 44 GRADE considers three factors: sample size, effect size, and bias to adjust the magnitude of treatment effects. The quality assessment results for non-RCT studies were reported in Table 3 . Most of the studies in our review were rated as moderate quality except for a cross-sectional study that compared PEG-IFN alfa-2a and PEG-IFN alfa-2b in terms of safety profiles. 31
Study needs in CER for hepatitis C
Research gaps and limitations of the existing CER literature and future study needs to address them were identified in the study by Chou et al; 33 these are listed in Table 4 . The limitations were organized according to the PICOT (Population-related gaps, Intervention-related gaps, Comparator-related gaps, Outcome-related gaps, and Timing-related gaps) framework, then sent by survey to stakeholders who prioritized their importance and gave additional feedback. 33 Stakeholders included clinicians, researchers, policy makers, payors, and consumer advocates. The resulting list included 12 limitations ranked in order of importance from highest to lowest. Issues 1-7 were classified as top-tier issues, and the remainder as second-tier issues ( Table 4 ).
Chou et al then looked at ongoing clinical trials to assess how forthcoming research was addressing these issues. 33 Using ClinicalTrials.gov, they identified and reviewed 46 ongoing studies that might address top-tier issues through August 2012. Two addressed issue 2 (broader spectrum of patients), four addressed issue 3 (new IFN-free drug regimens), and three addressed issue 6 (long-term outcomes). This review updated the list of clinical trials following the same search strategy of Chou et al. 33 In addition to the 46 studies identified in Chou's article, 22 new studies were found after exclusions. These studies were then evaluated to determine whether they addressed the identified limitations that were initially classified in Chou et al 33 (Table 4) .
Several trends regarding the progress of HCV treatment are apparent in these results. Most notably, some limitations are being addressed more heavily than others. This imbalance is best illustrated by issue 3 (new IFN-free drugs). While many limitations were addressed in few or no studies, issue 3 was addressed in ten of the 22 new studies. Orally delivered, IFN-free drug regimens are becoming much more common, and it is expected that such treatment will become standard. IFN-free treatment should also decrease adverse event rates and increase compliance. Longer-term studies (issue 6) are also receiving some attention, with three more studies looking at relapse and safety outcomes beyond 1 year post-treatment. Population-related gaps were addressed in three studies: two recruiting geriatric patients (issue 10) and one recruiting active drug users (issue 2). Lastly, one study was independently funded (issue 11) and looked at long-term harms of telaprevir/boceprevir (issue 12). These ongoing trials indicate that some progress is being made in filling in current research gaps. However, five of the identified limitations were not addressed in any of the published papers or ongoing trials identified in this review. Issues such as real-world effects, poor adherence, and clinically relevant outcomes are not being seen in ongoing trials. Rather, the majority of studies continue to be industry-sponsored RCTs using highly selective inclusion criteria and short-term SVR as outcomes. Although RCTs are known to be the best available study method of treatment outcomes, a retrospective study may better answer the long-term outcomes of HCV treatment options.
Discussion
Alternative antiviral therapies for HCV continue to be improved, so careful evaluation of their effectiveness and safety is required to assist patients, clinicians, and policy makers to make informed decisions. There has been only one comparative effectiveness research study of HCV treatment by Chou et al. 13 Although no more comparative effectiveness research has been conducted since then, 19 new studies have 17, 18, 20 The duration of dual therapy continued to be a common research question, and another three articles reinforced the thought that the longer duration of dual therapy was associated with higher SVR in HCV genotypes 2 and 3. 19, 21, 35 In genotype 1, a clear advantage was still seen in triple therapy over dual therapy. However, five articles reported that this advantage did come at the cost of a higher rate of adverse effects, such as anemia with boceprevir and rash with telaprevir. 16, [23] [24] [25] Two articles, including one meta-analysis study in our search, examined the association of achieving SVR and health outcomes, and they agreed that patients who attain SVR are less likely to experience liver carcinoma, liver failure, and liver-related death. 32 All of these findings are in harmony with the conclusions made by Chou et al. Additionally, consistent with Chou et al, we were unable to find any study measuring long-term clinical outcomes associated with treatment.
A small number of new articles since Chou et al 13 also add to CER knowledge by addressing issues that were not seen in the AHRQ article. First, some studies in our search looked at the likelihood of SVR in specific subgroups. Two of these looked at response rates in elderly and nonelderly patients. One found lower rates of SVR in the elderly undergoing dual therapy. 28 The other found no difference in SVR between elderly and nonelderly undergoing triple therapy. 30 One study included genetic data, looking at the effect of the IL28B gene on SVR. 30 Another study researched the effect of individualizing treatment duration based on early virological response. 38 Lastly, two studies addressed the effect of delayed PEG-IFN treatment, but neither one was able to show a statistically significant difference. 14, 15 While most articles in our search addressed the same issues as the AHRQ article, these few articles show that some research is being done to fill in gaps.
Some of the gaps and limitations of current CER literature for HCV were filled by additional research over the past year, yet many of them still remained unanswered. According to the ongoing research identified by Chou et al, 33 telaprevir and boceprevir in an independently funded setting, most of the updated ongoing clinical trials focus more on the same issues as clinical trials listed in Chou et al. 33 One limitation of this review is the lack of data concerning the recently approved simeprevir and sofosbuvir. While clinical trials of these drugs were included in our identified list of ongoing studies, the results and subsequent approvals occurred after our literature search was completed.
Conclusion
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